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The Rhabdovirus genus is quite diverse in nature with respect to the 
primary source of isolation of its individual members, and it encompasses 
viruses which are infectious for matnnals, birds, fish, insects and plants. 
Approximately 50 viral isolates have been tentatively classified as 
rhabdoviruses, many solely on the basis of virion morphology. Much better 
taxonomic criteria are becoming available for the assessment of these 
isolates, however, as more definitive data concerning their physico-
chemical characteristics are presented in the literature. 
In this study 11 viruses were analyzed serologically, using intact 
virions as antigen, in an attempt to determine what antigenic interrela­
tionships exist among them. All of the viruses used in this study are 
infectious for mammals and, with one exception, the primary source of 
isolation of these viruses was a mammal. The list of viruses used in­
cludes: Rabies virus, Lagos bat virus, Mokola virus, M-1055 virus. Kern 
Canyon virus, Flanders virus, Chandipura virus, Piry virus, Cocal virus, 
vesicular stomatitis virus serotype Indiana (VSVI) and vesicular stoma­
titis virus serotype New Jersey (VSVNJ). 
In an attempt to define further the taxonomic interrelationship which 
appears to exist among the last five isolates of this collection, the two 
major subviral components of VSVI and VSVNJ were isolated. These subviral 
components were used as antigens in the production of monospecific sera, 
which in turn were used in a serologic evaluation of these subviral com­
ponents in order to determine whether or not one or both of them function 
as a group antigen for these five viruses. 
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LITERATURE REVIEW 
The Natural History of the Viruses 
The history of vesicular stomatitis has been reviewed by Hanson 
(1952). Although the disease now appears to be enzootic only in the 
Americas, it was first reported in the late nineteenth century by Theiler 
as a disease of South African horses and mules (Hanson, 1952). 'The in­
fectious agent was not isolated until 1925. At that time a newly arrived 
shipment of cattle to Richmond, Indiana, developed lesions which were 
characteristic of vesicular stomatitis. The disease was transmitted to 
horses from which the infectious agent subsequently was isolated and pre­
served by animal passage. This isolate is now known as the Indiana sero­
type of the vesicular stomatitis virus. 
In the following year another outbreak of vesicular stomatitis 
occurred among farm animals in New Jersey. The causative agent was iso­
lated and, when it was shown to be antigenically distinct from VSVI, it 
became known as vesicular stomatitis serotype New Jersey. 
Sporadic outbreaks of vesicular stomatitis have occurred since that 
time. Although several new serotypes have been recovered from diseased 
animals, the most frequently isolated serotype appears to be VSVNJ. 
The Cocal virus was first isolated in 1961 from Gigantolaelaps mites, 
which were removed from 11 terrestrial rice rats in eastern Trinidad. A 
second isolate was recovered from Brazilian mites and three subsequent 
isolations were made from rodents and a pool of mosquitoes on Trinidad. 
These isolates were shown to be antigenically related to, but were dis­
tinct from, VSVI (Jonkers et al., 1964). This work was supported by the 
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report of Federer et al. (1967), who additionally reported on an agent 
that had been isolated from equines in Argentina. This isolate was 
serologically indistinguishable from the Cocal virus. 
In 1960 a virus was isolated from tissue samples of a Brazilian 
opossum (Taylor, 1967). This isolate, named Piry virus, remained un-
grouped for several years. A second isolate, Chandipura virus, was re­
covered from a human patient by Bhatt and Rodriguez (1967), and was found 
to be antigenically related to the Piry virus (cited by Bergold and Munz, 
1970). Both of these viruses have been shown to resemble rhabdoviruses 
morphologically and there is now some indication that these isolates are 
antigenically related to the vesicular stomatitis viruses (VSV) (Howatson, 
1970). 
While rabies has been recognized for centuries as a disease, the 
virus itself was not isolated in cell culture in high titer until 1958 
(Kissling, 1958). It has, therefore, only been within the last few years 
that any definitive biochemical or antigenic studies could be carried out 
on this organism. Three isolates of rabies virus were analyzed in this 
work: the Pasteur strain of rabies virus, challenge virus standard (CVS); 
strain DR19B, a cattle isolate of South American vampire bat origin; and, 
a fixed strain, ERA, of canine origin. In addition, two rabies-like 
viruses were studied here: the Mokola virus and the Lagos bat virus. 
Lagos bat virus was isolated by Boulger and Porterfield (1958) from 
the brain of a fruit bat, which was captured on Lagos Island, Nigeria. 
Mokola virus, formerly called Ibadan virus 27377, was isolated from pooled 
organ samples from shrews, which were captured near Ibadan, Nigeria (Shope 
et al., 1970). Both of these viruses have been reported to be antigen-
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ically related to each other and, distantly, to the rabies virus (Shope 
et al., 1970; Trefzger and Uierks, 1971). Lagos bat virus has not been 
reported to be naturally infectious for man, but the Mokola virus has been 
isolated from two diseased children, one of whom was fatally infected 
(cited by Tignor et al., 1973). 
The Hart Park virus was isolated from a pooled collection of mos­
quitoes in 1955 at Hart Park, California (Johnson, 1965), and the Flanders 
virus, an antigenically related virus, was isolated in 1961 in New York 
state from birds and a collection of mosquitoes (Whitney, 1964). These 
two viruses were originally thought to be a single entity. However, using 
complement fixation (CF), immunodiffusion (ID) and serum neutralization 
(SN) as indicators, Boyd (1972) determined that these two viruses were 
indeed distinct isolates of an unique rhabdovirus serotype. He has 
further determined that subsequent related isolates have been indistin­
guishable from the Flanders virus. 
The two final viruses used in this study are antigenically distinct 
and thus far serologically ungrouped. The Kern Canyon virus was isolated 
on two occasions by Johnson (1965) from pools of spleen and heart taken 
from two bats captured six years apart in Kern Canyon, California. While 
this virus was shown to possess typical rhabdovirus morphology, it has not 
been shown to be antigenically related to any other rhabdovirus isolate 
(Murphy and Fields, 1967). The M-1056 virus was isolated by Johnson from 
Microtus sp. in California (Shope et al., 1970). This virus also pos­
sesses typical rhabdovirus morphology, but efforts to establish cross 
reactions with the rabies subgroup have proved fruitless. 
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Subviral Components of Rhabdoviruses 
The nomenclature for the structural components of the rhabdoviruses 
has generally been agreed upon (Wagner et al., 1972). The nomenclature 
proposed at the "Colloque International sur les Rhabdovirus" (A. 
Berkaloff, convenor), held in Roscoff, France in 1972 are here quoted: 
L - Large protein with a molecular weight (mwt) of about 190,000 
G - Glycosylated protein with a mwt of about 60,000 
N - Major nucleoprotein with a mwt of about 50,000 
NS - Nonstructural protein with a mwt of about 40,000 
M - Matrix of membrane protein with a mwt of about 29,000 
The L protein was originally thought to be an aggregate of one or 
more of the other viral proteins, but it has since been shown to be a 
unique protein (Stampfer and Baltimore, 1973). There are good indications 
to suggest that the L protein is the virion associated transcriptase of 
VSV. 
Emerson and Wagner (1973) separated the L protein from dissociated 
VSI virions with a concomitant loss of virus-associated transcriptase 
activity. When the L protein was added back to a suspension containing 
the N-RNA subviral components, the L protein was bound to these components 
to form a functional transcription complex. 
No L protein has been resolved in polyacrylamide gels through which 
rabies virions have been electrophoresed, and no transcriptase or poly­
merase activity has been detected in vitro in purified rabies virions. 
However, the rabies virus can carry out primary transcription in cells 
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which have been pretreated with actinomycin D and cycloheximide, suggest­
ing that the virion does possess some transcriptase activity (Villarreal 
and Holland, 1974). 
The L protein of VSV is strongly associated with the nucleoprotein-
RNA complex (RNP), and is released only at high salt concentrations from 
virion-derived RNP (Kiley and Wagner, 1972). In addition, the L protein 
also appears to be membrane-associated. Arstila (1974) has reported that 
treatment of VSV with saponin caused the release of viral envelopes and 
the 6 and L proteins. These preparations, however, were contaminated with 
a significant amount of RNP, which led to the speculation that the L pro­
tein forms a framework within the envelope to which the lipids, G and RNP 
attach. 
The G protein forms spike-like structures, which protrude from the 
envelopes of many of the rhabdoviruses (Cartwright et al., 1970; Sokol 
et al., 1971). In the Kern Canyon virus this 6 protein appears to be 
modified by a low level of in vivo phosphorylation (Sokol et al.» 1974). 
There may be a second glycosylated protein in the membrane of rabies virus 
(Neurath et al., 1972). However, some workers believe that the second G 
protein is a polymer of the first (Sokol et al., 1971). 
It has been demonstrated that the G protein is the antigen against 
which virus-specific neutralizing (SN) and complement fixing (CF) anti­
bodies are formed (Cartwright et al., 1969; Kelley et al., 1972; Wiktor 
et al., 1973). 
The carbohydrate moiety of the G protein appears to be derived from a 
pre-existing host component which undergoes some virus-induced modifica­
tions prior to its insertion into the G protein (Burge and Huang, 1970; 
7 
Schloetner and Wagner, 1974). It has been reported that this virus-induced 
modification of the carbohydrate moiety is expressed as an alteration in 
the number of sialic acid residues present per glycoprotein molecule 
(Surge and Huang, 1970). In support of this hypothesis these authors 
propagated VSV and Sindbis virus in the same cell systems and noted that 
the carbohydrate moiety of the virion-associated glycoproteins of these 
two viruses were essentially the same except for the fact that the G pro­
tein of VSV had slightly more of the terminal sialic acid residue. These 
terminal sialic acid residues of the G protein have been implicated in the 
initiation of infection, since desialylation of the G protein resulted in 
progressive loss of infectivity while resialylation resulted in the re­
covery of this property (Schloemer and Wagner, 1974). 
The possible interference of this carbohydrate moiety in serologic 
test procedures has not been fully investigated. However, the fact that 
it has been reported that most of the host-specific antiviral complement 
fixing activity is directed against the host-derived glycolipids of the 
virion and not against the carbohydrate moiety of the G protein 
(Cartwright and Brown, 1972b), together with the fact that all rhabdo-
viruses propagated in the same system do not show antigenic similarities, 
indicates that little or no interference is taking place. 
The N protein is tightly bound to the RNA of the virion and can be 
separated from the RNA only under severe dissociating conditions, such as 
in the presence of sodium dodecyl sulfate (SDS) (Kiley and Wagner, 1972). 
The N protein complexes with the viral RNA early in the replicative cycle 
and may pool in the cytoplasm as RNP prior to its final assembly into the 
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intact virion (Wagner et al., 1970; Hummelcr et al., 1968; Sokol et al., 
1969). 
In the rabies, rabies-like and Kern Canyon viruses the N proteins have 
been phosphorylated in vitro (Sokol and Clark, 1973) with a virion-asso-
ciated protein kinase. The terminal segment of the N protein in rabies 
virus appears to be the only area phosphorylated, and it has been reported 
that this terminal segment of the rabies virus N protein can be easily 
cleaved in vitro with a proteolytic enzyme such as trypsin (Schneider 
et al., 1973). 
The function of the NS protein is unknown. The NS protein appears 
to be phosphorylated only in VSV (Sokol and Clark, 1973). It is, like the 
L protein, attached firmly to the RNP and can be removed only at high salt 
concentrations (Kiley and Wagner, 1972). Transcription in VSV is known to 
occur in vitro in the absence of the NS protein (Emerson and Wagner, 
1973). It has been suggested that the NS protein may serve to regulate 
properly the function of the transcriptase, such as by determining which 
segment of RNA will be transcribed. 
The M protein is believed to serve a structural function, since viri­
ons devoid of envelope and G protein still hold their rigid bullet-shape 
(Brown et al., 1967; Cartwright et al., 1972). There appear to be two M 
proteins in the rabies virion (Sokol and Clark,1973). Although the M pro­
tein of VSV appears to be closely associated with the cholesterol moiety 
of the virion envelope, as indicated by the fact that digitonin treatment 
of the intact virion leads to the preferential release of the M protein 
(Wagner et al., 1969), the M protein has not been shown to react with SN, 
CForhaemagglutinating (HA)antibodies elicited against the virion. 
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Observations Relative to the Taxonomic 
Characterization of Rhabdoviruses 
Even though antigenically distinct strains of rabies virus have been 
reported in the early literature, rabies virus was considered by most in­
vestigators to be of a single antigenic type (Tignor et al., 1973). How­
ever, the isolation of two African viruses has given physical proof that 
there is a plurality among strains of the rabies virus. 
Lagos bat virus was isolated during a field study designed to deter­
mine whether or not fruit bats carry the rabies virus. The early sero­
logical data indicated that the Lagos bat isolate was, in fact, not re­
lated to the rabies virus (Boulger and Porterfield, 1973). However, 
subsequent serological analysis of the Lagos bat virus and another African 
viral isolate, Mokola virus, provided definitive data for their antigenic 
relationship to the rabies virus (Shope et al., 1970; Trefzger and Dierks, 
1971). 
The RNP from rabies and these rabies-related viruses has been iso­
lated in pure form and, unlike the surface antigens of these viruses, has 
been shown to react quite strongly in heterologous CF, fluorescent anti­
body and immunodiffusion (ID) serologic analysis. Because of these obser­
vations, the RNP has been proposed to function as the rabies group antigen 
(Schneider et al., 1973). 
Which viruses should be classified in the vesicular stomatitis virus 
subgroup is still a subject of speculation. The Coca! virus has been con­
sistently shown to be antigenically related to VSVI (Federer et al., 1957; 
Murphy and Fields, 1967; Halonen et al., 1968; Conkers et al., 1964; 
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Howatson, 1970). The Coca! virus has also been shown to react serolog­
ically with VSVNJ in aSN, gSN, CF and HA tests (Halonen et al., 1968; 
Federer et al., 1967; Murphy and Fields, 1967; Howatson, 1970). However, 
these results have not been consistent in all laboratories with all test 
procedures (Conkers et al., 1964; Federer et al., 1967; Howatson, 1970). 
A number of reports of serologic cross-reactivity between the Indiana 
and New Jersey serotypes have been published. Heterologous reactions have 
been noted in the CF system (Bankowski and Kummer, 1955; Kang and Prevec, 
1970), resin-agglutination system (Nieto and Segre, 1958), ID system 
(Myers and Hanson, 1962), aSN system (Murphy and Fields, 1967; 
Howatson, 1970; Federer et al., 1967), and gSN system (Federer et al., 
1967; Jonkers et al., 1964). On the other hand no reaction was detected 
in the CF test between the Indiana and New Jersey serotypes by a number of 
the same investigators (Stone and Delay, 1963; Federer et al., 1967; 
Murphy and Fields, 1967; Howatson, 1970; Jonkers et al., 1964). No cross 
reactions were reported in the HA system (Halonen et al., 1968); the ID 
system (Murphy and Fields, 1967) or the SN system (Kang and Prevec, 1970). 
Although most investigators think in terms of a single serotype for VSVI 
or for VSVNJ, the fact that all of these viruses, and the antisera elic­
ited in response to them, do not react equally in all serologic test pro­
cedures performed from laboratory to laboratory suggests that serotypes 
may exist (Federer et al., 1967; Murphy ana Fields, 1967). 
Chandipura and Piry viruses appear to be in the same taxonomic limbo. 
Since the first report of their antigenic relatedness (cited by Bergold 
and Munz, 1970) only one investigator has shown them to be antigenically 
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related, and then only when using the SN test as the indicator system 
(Howatson, 1970). 
There are, however, a number of physico-chemical observations which 
suggest that these five viruses are quite dissimilar. It has been re­
ported that no heterologous complementation was observed in mixed infec­
tions with temperature-sensitive mutants of six complementation groups of 
VSVNJ and five complementation groups of VSVI (Pringle et al., 1971). 
These investigators' observations were expanded to include four comple­
mentation groups of Cocal virus and two complementation groups of 
Chandipura virus. Of these viruses only Cocal virus and VSVI were re­
ported to complement one another genetically and this complementation was 
quite weak (Pringle and Wunner, 1973). 
It has also been reported that little or no sequence homology exists 
among the virion or cellular RNAs of vesicular stomatitis serotype Indiana 
(VSI), vesicular stomatitis serotype New Jersey (VSNJ), Cocal, Piry, 
Chandipura or rabies strain ERA viruses (Repik et al.» 1974). 
Distinct differences in some of the proteins of these viruses have 
been detected by polyacrylamide gel electrophoresis of SDS-disrupted 
virions. Wunner and Pringle (1972) reported that during electrophoresis 
through gels (7.5% acrylamide and 5% bisacrylamide, pH 7.4) the G proteins 
of VSVI, VSVNJ and Cocal virus migrated at different rates; the M protein 
of VSVI possessed a different electrophoretic mobility from that of the M 
proteins of VSVNJ and Cocal virus; and the N protein of the VSVNJ migrated 
at a rate different from that of the N proteins of VSVI and Cocal virus. 
Obijeski et al. (1974) reported that, by using 8.0% acrylamide and 0.2% 
bisacrylamide at pH 7.0, they were able to demonstrate that the electro-
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phoretic mobilities of the VSVI G and M proteins were different from those 
of VSVNJ, Chandipura virus or Piry virus and, in addition, that the G 
proteins of Chandipura and Piry viruses migrated differently from each 
other. However, using a high resolution discontinuous polyacrylamide 
electrophoretic system, these investigators demonstrated that the G, M 
and N proteins of VSVI migrated differently from those of the VSVNJ, 
Chandipura virus or Piry virus, whereas only the N and M proteins of 
Chandipura and Piry viruses migrated differently from each other. The L 
proteins, however, in all of these systems co-migrated for all viruses. 
In reference to the L protein, it has been observed that heterologous 
reconstitution of infectivity and transcriptase activity can be affected 
by combining VSVI RNP with Cocal virus transcriptase and vice versa. 
Heterologous activity, however, could not be demonstrated among these two 
viruses and the VSNJ and Chandipura viruses (Bishop et al., 1974). In 
addition, in their report on virion-associated transcriptase activity in 
VSIj VSNJ, Cocal, Chandipura and Piry viruses, Chang et al. (1974) ob­
served that transcription was multiply initiated in all of these viruses 
and that there were identical 5' sequences on the product RNA molecules. 
This was interpreted to indicate that the genomes of these five viruses 
contain similar nucleotide sequences which are involved in the initiation 
of transcription. On the basis of this supposition it was suggested that 
these viruses are indeed related to one another. 
In order to clarify the serologic observations related to these five 
viruses, several investigators have turned to analyzing the antigenic 
properties of the subviral components of these viruses. It was reported 
by Kang and Prevec (1970) that desoxycholate (DOC)-treated virions yielded 
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a RNP core, which contained one major protein component corresponding to 
the N protein. In addition, these investigators isolated a 20S component 
from lysates of virus-infected cells, which appeared to be essentially N 
protein (Kang and Prevec, 1969). These investigators used the DOC-derived 
RNP core of VSVI for the production of antiserum. This antiserum reacted 
at a 1:2 end point dilution with a crude preparation of VSVNJ 20S component 
in a CF test. The same antiserum reacted at a 1:4 end point dilution with 
whole VSVNJ. This later observation would suggest that the CF antibody 
may not be directed solely against the N or RNP complex. In fact, several 
additional observations would tend to support the contention that this was 
a mixed reaction. First, both the DOC-derived core and the 205 component 
have been reported to be infectious (Cartwright et al., 1969; Brandish 
et al., 1956), which suggests the presence of at least one additional 
protein, L. In addition, while the sucrose fraction from which the 20S 
component was taken reacted with homologous anti-virion serum in the ID 
cvc fom f  n  fn rm nno l ino  n f  T o f  a  1  10^7*1  fh ic  
component has been identified as being a rosette-like structure, which 
indicated membrane involvement and, therefore, possible G, M and L con­
tamination. Finally, it has been reported that DOC-derived RNP from 
rabies virus has a slight amount of contamination with envelope (Wiktor 
et al., 1973). 
After Tween 80-ether (T-E) treating VSVI virions. Brown et al. (1967) 
were able to isolate an infectious substructure, which appeared to be 
stripped of most, but not all, of its envelope and G protein. This T-E-
derived substructure was not neutralized by antisera against whole virus. 
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This substructure was never further defined chemically except that it was 
reported to contain RNA in a RNase resistant form. 
Serologically, this VSVI T-E substructure fixed complement with 
hyperimmune serum from guinea pigs infected with VSVI and this substruc­
ture was immunogenic, which is in agreement with the observation that the 
T-E substructure was not completely free of G protein. 
In a further attempt to dissect the VSVI virion, Cartwright et al. 
(1969) treated the virion with DOC; DOC released the RNP core complex. 
This infectious RNP core appeared to contain only RNA and N protein and 
it was not significantly immunogenic (Cartwright et al., 1970). 
Using these two substructures (T-E substructure and DOC substructure) 
Cartwright and Brown (1972a) investigated what bearing these substructures 
might have on the cross-relationships of the five proposed members of the 
VSV subgroup. They determined that T-E substructures were much more re­
active as indicators of antigenic relatedness among the VSI, VSNJ and 
Coca! viruses in the CP and SN tests. These T-E substructures were not 
effective as tools in determining the position of Chandipura virus and 
Piry virus in the taxonomic scheme of this subgroup. 
These investigators have considered the T-E substructures from the 
viewpoint of containing only RNA, N protein and M protein. Based on this 
idea these authors separated the RNP core from the T-E substructure by 
treatment with DOC and determined that most of the antiviral activity 
rested in the RNP core, as judged by CF activity, with little serologic 
activity attributable to the M or contaminating G proteins. From this 
data they drew the conclusion that the group cross-reactivity was due to 
the N-RNA complex. However, in light of the fact that their RNP complex 
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was infectious, it may be asked if it is not, in fact, the L protein or 
some tertiary RNP-L protein structure, which is reactive in these heterol­
ogous serologic test procedures. 
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MATERIALS AND METHODS 
Buffers and Media 
BHK medium: BHK medium with L-glutamine (Grand Island Biological Company, 
Grand Island, N.Y.) with 10% (vol/vol) fetal calf serum 
(PCS)- 10% (vol/vol) tryptose broth, 0.22% (wt/vol} sodium 
bicarbonate, 1,000 units potassium penicillin G (pen)/ml and 
0.001 g streptomycin sulfate (strept)/ml 
BHK maintenance medium: As above but containing only 2% (vol/vol) PCS 
MS medium: BME medium (Grand Island Biological Company, Grand Island, 
N.Y.) with 2% (vol/vol) PCS, 0.22% (wt/vol) sodium bicarbonate, 
1.000 units pen/ml, O.OOlg strept/ml and 0.5% hydrated Agarose 
(Bausch and Lomb, Rochester, N.Y.) 
MEM: minimum essential medium (Grand Island Biological Company, Grand 
Island, N.Y.) with 2% (vol/vol) PCS, 0.22% (wt/vol) sodium bicar­
bonate, 1,000 units pen/ml, O.OOlg strept/ml and 0.5% (wt/vol) 
hydrated Agarose (Bausch and Lomb, Rochester, N.Y.) 
Overlay for the serum neutralization (SN) test: As MS medium with 3% 
(vol/vol) 1:300 Neutral Red 
STE buffer: 0.15 M sodium chloride, 0.01 M tri s(hydroxymethyl)amino-
methane hydrochloride (Tris-HCL), 0.001 M disodium(ethylene-
dinitrilo)tetraacetate (EDTA), pH 7.4 
B buffer: 0.1 M sodium phosphate pH 7.0, 0.1% (wt/vol) sodium dodecyl 
sulfate (SDS) and 1.0 M urea 
IE buffer: 0.15 M sodium chloride, 0.01 M Tris-HCL, pH 6.1, 7.1, 7.8 or 
8.1 
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R saline: 1.0% (wt/vol) sodium chloride, 0.2% (wt/vol) potassium 
chloride, 1.0% (wt/vol) sodium citrate, 0.05% (wt/vol) sodium 
dihydrogen phosphate, 1.0% (wt/vol) sodium bicarbonate and 1.0% 
(wt/vol) glucose 
CB buffer: 0.5 M sodium carbonate pH 9.7 
PBS buffer: 0.01 M sodium phosphate pH 7.6, 0.15 M sodium chloride 
Propagation of Viruses 
All of the viruses used in this study were propagated in cells of the 
baby hamster kidney continuous cell line (3HK-21; Stoker and McPherson, 
1964), which had been grown to confluence in roller bottles (654 cmf) in 
BHK medium at 37C. Prior to infection these cells were rinsed with warm 
R saline. 
The viruses, which were used in the SN tests or for the production of 
antisera, were propagated by infecting the rinsed cells with 10 ml of BHK 
maintenance medium containing lO'* to 10^ plaque forming units (pfu) of 
virus, to which 50 ug of DEAE dextran (Pharmacia, Piscataway, N.Y.) had 
been added. The inoculum was allowed to adsorb to the cells for one hour, 
and then was withdrawn. The cells were then covered with 100 ml of BHK 
maintenance medium. The infected cells were incubated at 32-34C for five 
days or until cellular cytopathic changes became evident. The maintenance 
medium, containing the cellular lysates and viruses, was harvested at that 
time, clarified by low speed centrifugation and stored as 1.0 ml aliquots 
at -90C. 
The viruses, which were used for the ID tests and for the isolation 
of the G and M proteins, were propagated in the same manner as outlined 
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above except that the cells were covered with 50 ml of MEM instead of the 
100 ml of the BHK maintenance medium. These viruses were purified before 
they were stored. 
Viral RNP was isolated from cells which had been infected with 10 ml 
of undiluted viral suspension. The viruses were allowed to adsorb to the 
cells at 37C for one hour before 90 ml of MEM were added to each roller 
bottle. After three to five additional hours of incubation at 37C all of 
the fluid was discarded and the cells were rinsed with cold STE buffer and 
were scraped from the bottles. The cells from one roller bottle were sus­
pended in one ml of STE buffer and viral RNP was isolated as described 
later. 
Viral Strains 
With the exception of the rabies viruses, all of the viruses that 
were used in this study were received from Dr. F. Murphy (Center for Dis­
ease Control, Atlanta, Georgia). The passage history of these viruses at 
the time of their use was as follows; 
Lagos bat virus - five passages (p) through suckling mice brains 
(SMB), two passages through BHK-21 cells in tissue 
culture (TC) 
Mokola virus - three p SMB, two p TC 
M 1056 virus - five p SMB, three p TC 
Flanders (prototype) virus - three p SMB, three p TC 
Kern Canyon (prototype) virus - three p SMB, three p TC 
Coca! (prototype) virus - three p SMB, three p TC 
VSVI - five p SMB, three p TC 
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VSVNJ - four p SMB, three p TC 
Chandipura virus - unknown passage, 1 p SMB, three p TC 
Piry virus - unknown passage, 1 p SMB, three p TC 
Rabies virus DR19B (DR19B) - 21 p SMB, two pTC 
Rabies virus ERA (ERA) - fixed virus, unknown number of passages 
Rabies virus CVS (CVS) - fixed virus, unknown number of passages, 
130 p TC 
In addition, before the various virus-specific proteins were isolated from 
VSVI and VSVNJ, these viruses were clone-purified three times in BHK-21 
13S cells, and were passed twice in BHK-21 cells. 
Viral RNP Isolation 
The viral RNP was isolated from infected cells by a technique modeled 
after one described by Schneider et al. (1973). The infected cells were 
prepared as described earlier, and were used immediately in the isolation 
procedures. A final concentration of 1.0% (vol/vol) Nonidet P-40 (NP-40; 
Gallard Schlessinger Chemical Company, Long Island, N.Y.) was added to the 
concentrated cells. They were then incubated for five minutes at 37C with 
constant mixing. The cells were cooled to 4C, and after 30 minutes of 
incubation the cellular debris was removed from the suspension by low 
speed csr.trifligation. The supernatant fluid was extracted two or three 
times with equal volumes of trichloro-trifluoroethane (Genetron 113, 
Allied Chemical Company, New York, N.Y.), after which nine ml of the 
aqueous phase were layered onto eight ml discontinuous (1.3:1.4g/cm3) 
cesium chloride density gradients. These gradients were centrifuged at 
80,000 X g for four hours. The band resting on the 1.4g/cm3 density 
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cushion was collected, dialyzed against STE buffer overnight, filtered 
through a Sephadex G-25 column (Pharmacia, Piscataway, N.J.) which had 
been equilibrated with STE buffer and, finally, filtered through a 
Sepharose 4B column (Pharmacia, Piscataway, N.J.) which had also been 
equilibrated with STE buffer. The material eluted in the first void 
volume of the Sepharose 4B column was collected, brought to a density of 
1.36g/cm3 with cesium chloride and centrifuged for 20-24 hours at 
115,000 X g. The band of RNP occurring between the densities of 1.29 and 
1.30g/cm3 was collected from the top of the tube and was dialyzed against 
STE buffer. Isopycnic centrifugation of the isolated RNP was repeated one 
to two times before the sample was stored at -20C. 
Viral G and M. Protein Isolation 
Cellular lysates containing viruses were obtained as outlined above. 
The viruses were concentrated from these lysates by a method similar to 
the one originally described by McSharry and Benzinger (1970). In this 
procedure a final concentration of 2.5% (wt/vol) sodium chloride and 7.5% 
(wt/vol) polyethylene glycol 6000 (PEG; J. T. Baker Chemical Company, 
Phillipsburg, N.J.) was added to the clarified lysates. After a three-
hour incubation at 4C this mixture was centrifuged at 7000 x g for 30 
minutes. The sediment was gently rinsed with STE buffer before it was 
resuspended in a minimal volume of STE buffer (usually 0.5 ml per roller 
bottle). Two ml portions of this suspension were layered onto 15.5 ml 
discontinuous sucrose gradients (20-60% sucrose, wt/vol) and centrifuged 
at 81,000 X g for 20-24 hours. The two bands, containing either the in­
fectious (B) or the truncated (T) particles, were collected separately and 
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were dialyzed overnight at 4C against STE buffer. Both of these fractions 
were centrifuged through two more sucrose gradients (20-60%, wt/vol) be­
fore they were used. If these samples could not be used immediately after 
dialysis, a final concentration of 30% (vol/vol) glycerol was added and 
they were stored at -20C. 
A procedure similar to the one desdribed by Bishop and Roy (1972) was 
used for the isolation of the G and M proteins from purified B or T parti­
cles, which had been dialyzed against IE buffer at pH 7.8. At the be­
ginning of the extraction procedures the following ingredients were added 
to two ml of the concentrated viral suspension: 0.6 ml of IE buffer pH 
7.8 containing 25.84 mg of Triton NlOl (Sigma Chemical Company, St. Louis, 
Mo.) and 2.4 ml of a PEG-Dextran T500 (Dextran T500 (DEX); Pharmacia, 
Piscataway, N.J.) mixture (0.6g of PEG, 0.4g of DEX and 5.0 ml of dis­
tilled water). After this suspension had been mixed thoroughly, it was 
centrifuged at 1,000 x g for five minutes in a narrow tube. The PEG phase 
(PEG-G) was removed and was dialyzed overniyht sçainst IE buffer pX 7.8 
before it was stored at -20C. 
The DEX phase was extracted six more times with three volumes of 
6.0% PEG in IE buffer pH 7.8. A final concentration of 1.0 M sodium 
chloride and 1.0% (wt/wt) NP-40 was then added to the DEX phase. After 30 
minutes of incubation at 27C, the DEX phase was extracted with an equal 
volume of 6.0% (wt/vol) PEG. The PEG phase was collected (PEG-M), dia­
lyzed overnight against IE buffer pH 7.8 and stored at -20C. The DEX 
phase was extracted once more with an equal volume of 6.0% (wt/vol) PEG 
and was stored. 
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PEG-G and PEG-M samples were assayed for reactivity in homologous ID 
test systems and were tested for purity as determined by homogenicity when 
electrophoresed through polyacrylamide gels. All of the samples were then 
centrifuged through density gradients. Most frequently, five ml samples 
were layered onto 12 ml discontinuous sucrose gradients (10-60% sucrose, 
wt/vol) and were centrifuged for 20 hours at 81,000 x g. One ml fractions 
were collected from these gradients. The fractions were dialyzed against 
IE buffer pH 7.8 and again were monitored for reactivity and purity. In 
an effort to remove much of the detergent and PEG from the PEG-G samples, 
several aliquots from these samples were also passed through DEAE-cellu-
lose columns which had been equilibrated with IE buffer pH 7.8. The G 
protein was eluted from these columns by increasing the sodium chloride 
concentration to 0.5 M. Protein samples eluted from these columns were 
concentrated by centrifugation through sucrose gradients as outlined above 
and they were again dialyzed and monitored for reactivity and purity. All 
of the above samples were stored at -20C in IE buffer pH 7.8 without any 
additi ves. 
Immunodiffusion Test 
Prior to use in the ID test all virions were disrupted by incubation 
with either 1.0% NP-40 or 2.0% Triton (vol/vol) for two hours at 27C. 
Three ml of IE buffer pH 7.1 or pH 8-1, containing 0.85% (wt/vol) 
hydratsd Agarose, were poured onto a glass microscope slide. Wells were 
cut in the hardened agar in patterns varying with the number of antigens 
or sera to be tested. Although adjustments were made for the concentra­
tion of protein in the various samples, in general 0.07 ml of antigen 
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containing 400 ug of protein per ml or 0.07 ml of undiluted sera were 
added to these wells. The slide was incubated in a humid atmosphere at 
27C for 48 hours. It was then washed for 16 hours in 1.0% (wt/vol) 
sodium chloride, rinsed in distilled water, dried and stained with 0.1% 
(wt/vol) naphthol blue black (Sigma Chemical Company, St. Louis, Mo.) in 
7.0& (vol/vol) acetic acid for a permanent record. 
Immunoelectrophoretic Test 
The procedure followed for the immunoelectrophoretic (IE) test is 
essentially the same as that outlined above for the ID test. IE buffers 
of pH 6.1, 7.1 and 8.1 were used in these tests. Antigens were added to 
the appropriate wells and were electrophoresed for two hours at 2.5 ma per 
cm of the cross-sectional area of the slide with respect to the flow of 
the current. After the proteins had been electrophoresed, troughs were 
cut adjacent to the wells, parallel with the direction of the electrical 
field, and were filled with undiluted antisera. These slides were incu­
bated, stained and preserved as outlined above. 
Polyacrylamide Gel Electrophoresis 
The procedure that was used for polyacrylamide gel electrophoresis is 
essentially the same as that described by Bishop and Roy (1972). Samples 
to be tested were dissociated by the addition of the following materials: 
1.0 M urea, 0.01 M sodium phosphate pH 7.0, 1.0% (wt/vol) SOS and 0.1% 
(vol/vol) 2-mercaptoethanol. This mixture was incubated at 56C for 45 
minutes after which time a final concentration of 30% (vol/vol) glycerol 
was added. 
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Twelve columns (0.5 by 7.5 cm) were filled with a mixture containing: 
10.4 ml of distilled water, 1.66 ml of 1.0 M sodium phosphate pH 7.0, 
0.166 ml of 10% (wt/vol) SDS, 4.5 ml of a solution containing 30% (wt/vol) 
acrylamide and 0.8% (wt/vol) bisacrylamide, l.Og of urea, 0.0083 ml 
N,N,N',N',-Tetramethylethylenediamine and 0.0166g of ammonium persulfate. 
This mixture was allowed to polymerize under water. The water was then 
carefully decanted and the gels submerged in B buffer in a Buchler Poly-
analyst apparatus (Buchler Instruments Division, Fort Lee, N.J.). Samples 
of 0.01 to 0.05 ml volume, containing approximately 100 to 1000 ug of 
protein, were carefully layered onto the surface of the gels and were 
electrophoresed at 5.5 to 6.0 ma per gel until the tracing dye (bromo-
phenol blue) had electrophoresed from the columns. The gels were then 
removed from the apparatus, fixed in 7.0% (vol/vol) acetic acid and 
scanned for absorbance at 280 nm. The gels were then stained with 0.1% 
naphthol blue black in 7.0% acetic acid and scanned for absorbance at 
650 nm. 
Antisera Production 
Antisera were produced against all of the virions, with the exception 
of the rabies virions, by infecting rabbits intracerebrally (ic) with 
0.1 ml of viral suspension of TC origin. These rabbits were inoculated 
intravenously at 10 days, four weeks and six months post infection with 
0.5 ml of the viral suspension. The rabbits were bled by cardiac puncture 
at 30 days and again at two to four week intervals. Three rabbits were 
inoculated for each virus used in this study. 
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The rabies virus antisera were provided by Dr. R. Dierks, Veterinary 
Medical Research Institute, Ames, Iowa. All of the rabies virus antisera 
were of rabbit origin except for the antiserum which was used in the FA 
tests. This serum was of goat origin. 
For the production of monospecific antisera, rabbits were inoculated 
intraperitoneally with 0.5 ml of the purified G, M or RNP proteins, which 
had been emulsified in equal volumes of complete Freund's Adjuvant 
(Bioquest, Cockeysville, Md.). These rabbits were inoculated again by 
subcutaneous injection of 0.3 to 0.5 ml of the appropriate protein solu­
tion at three days, followed by intradermal injection of the same volume 
of protein solution at five days. These rabbits were bled at 15 days and 
at 30 days post inoculation by cardiac puncture. 
All of the antisera were stored at -20C in 1.0 ml aliquots and were 
heated at 56C for 30 minutes prior to use. 
Serum Neutralization Test 
One pool of each of the viruses and two or three antisera per virus 
were used for all of the SN tests. Fresh aliquots of these reagents were 
thawed for each test. In the aSN tests logarithmic dilutions of a viral 
pool were mixed with 1:4 dilutions of sera, whereas in the BSN tests 
aliquots containing 32 pfu of virus were added to a series of twofold 
dilutions of sera. These serum-virus mixtures were incubated at 37C for 
one hour and then were applied to one of three indicator systems. These 
were: BHK-21/13S cells, suckling mice or three week old mice. 
The BHK-21/13S cells were prepared as described by Sedwick and Wiktor 
{1957). Four ml of MS medium were pipetted into petri dishes (28cm^). 
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After the agar in this medium had hardened, one ml of MS medium containing 
6 X 10® BHK-21/13S cells per ml was added to the petri dish and 0.1 ml 
aliquots of a serum-virus mixture were layered onto these cells. The 
cells were incubated at 34C in a humid atmosphere containing 5.0% carbon 
dioxide for five days or until plaques could be seen. The cells were then 
covered with 2.0 ml of the SN overlay and the plaques counted after an 
incubation period of three hours. The 50% neutralization index or the 
logarithmic reduction end points were calculated from the results obtained 
(Wiktor, 1973). 
When mice were used as the indicator system, they were inoculated ic 
with 0.03 ml of a serum-virus mixture. Five three week old mice or one 
litter of suckling mice were inoculated per dilution. These mice were 
observed for two weeks and deaths were recorded. The mean dilution of 
serum that protected 50% of the mice (LD-50) was then calculated (Reed and 
Muench, 1938). 
Fluorescent Antibody Test 
F1uorescein-conjugated CVS virus and rabies-like virus antisera were 
used in the FA test. The conjugated immunoglobulins were prepared in the 
following manner. An equal volume of saturated ammonium sulfate was 
added, dropwise, to the antiserum. This solution was centrifuged for 10 
minutes at 12,000 x g, and the sediment was dissolved in a volume of 
distilled water equal to that of the original volume of the serum. The 
globulins were precipitated from solution twice more by this procedure and 
the final volume of the solution was adjusted to one tenth of the original 
volume. This concentrated globulin fraction was dialyzed exhaustively 
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against 0.15 M sodium chloride, and then the amount of protein present in 
the dialysent was determined by the Lowry modification of the Folin-
Ciocalteau test (Lowry et al., 1951) which is outlined below: 
A. 2% (wt/vol) sodium carbonate in 0.1 N sodium hydroxide 
B. 0.5% (wt/vol) copper (II) sulfate pentahydrate in 1.0% sodium 
tartrate 
C. 50 ml of A plus 1.0 ml of B 
D. Phenolic reagent (Fisher Scientific Company, Fair Lawn, N.J.) 
To 1.0 ml of protein solution 5.0 ml of C were added and the 
mixture was allowed to stand for 10 minutes at 27C. Then 0.5 ml of 
D was added rapidly and the mixture was again allowed to stand at 
27C for 30 minutes. The absorbance of the solution was measured at 
750 nm and the amount of protein determined by comparison with a 
bovine serum albumin standard. 
The dialysent volume was adjusted to contain 1.0% (wt/vol) protein 
and was buffered to pH 9.0 by the addition of CB buffer. Fluorescein 
isothiocyanate (FITC; Bioquest, Cockeysville, Md.) was added to this 
buffered solution at a ratio of one part of FITC to 60 parts of protein. 
The FITC was allowed to incubate with the proteins for 16 hours at 4C. 
The excess FITC was removed by filtering the mixture through a Sephadex 
G-25 column, which had been equilibrated with 0.05 M sodium phosphate pH 
6.8. The FITC-tagged globulin fraction was then passed through a DEAE-
cellulose column, which had been equilibrated with 0.04 M Tris-HCl and 
0.0007% (vol/vol) phosphoric acid, pH 8.0. The clarified conjugates were 
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stored undiluted at -90C. In addition, commercially available rabies 
virus conjugate (Bioquest, Cockeysville, Md.) vas used in some of the FA 
tests. 
The conjugates were first mixed with a 20% suspension (wt/vol) of 
either normal or infected mouse brains (one part of conjugate to four 
parts of mouse brain suspension) and were then applied to the appropriate 
acetone-fixed infected or noninfected mouse brain smears. The conjugates 
were allowed to incubate with the mouse brain smears for 60 minutes in a 
humid atmosphere. The brain smears were then rinsed in several changes of 
PBS buffer followed by several changes of distilled water to remove the 
unreacted conjugate. They were then air-dryed and examined with a Leitz 




Fluorescent Antibody Tests 
The results obtained in the direct FA tests are summarized in Table 
1. The rabies virus strain CVS conjugate, which was of goat origin, re­
acted with all of the rabies viruses, the Mokola virus and the Lagos bat 
virus. However, the reciprocal was not true; Mokola virus and Lagos bat 
virus conjugates did not react with any of the rabies viruses. This same 
situation existed between the Lagos bat virus and the Mokola virus and 
their conjugates. The Lagos bat virus reacted with the Mokola virus con­
jugate, but the Mokola virus did not react with the Lagos bat virus con­
jugate. The CVS virus and the Mokola virus conjugates were used in FA 
tests with two isolates of the rabies virus, which are not listed in Table 
1: namely, field rabies virus strains of bat (Tbm) and fox (RV-14) origin. 
Only the CVS virus conjugate reacted with these two isolates. 
These conjugates were all tested against the VSI, VSNJ, Cocal, Piry, 
Chandipura, Kern Canyon and Flanders viruses. These FA tests were nega­
tive. In addition, the rabies virus conjugate, which had been obtained 
commercially, did not react with either the Mokola or the Lagos bat 
vi ruses. 
Specific fluorescence was inhibited in the homologous FA tests by 
prior absorption of the conjugates with homologous viruses (Table 2). In 
addition, both Lagos bat and Mokola viruses totally inhibited the activity 
of CVS virus conjugate. The CVS virus, however, did not totally inhibit 
the heterologous reaction of CVS conjugate with the Lagos bat virus in­
fected brain smears. The Lagos bat virus partially inhibited the activity 
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Table 1. Fluorescent antibody cross-reactions among Lagos bat, Mokola 
and rabies viruses 
Virus-infected Conjugate 
brain smear CVS Mokola Lagos bat 
ERA 4" 0 0 
DR19B 4 0 0 
CVS 4 0 0 
Mokola 2 4 0 
Lagos bat 1 1 3 
^Slides were graded on a four point scale with respect to both the 
amount and intensity of fluorescence; 0 = no reaction. 
of the Mokola virus conjugate in the homologous FA test; the CVS virus did 
not, but the CVS virus did inhibit the reaction of the Mokola virus con­
jugate with the Lagos bat virus infected brain smears. Neither the CVS 
virus nor the Mokola virus inhibited the homologous reaction of the Lagos 
bat virus (Table 2). 
Serum Neutralization Tests 
Two way 3-neutralization tests were performed using 13 strains of 
rhabdoviruses. Each test was performed in duplicate and was repeated on 
at least three different occasions. Results using serum from the same 
rabbits did not vary appreciably in any of these tests. The preimmuniza-
tion sera obtained from rabbits inoculated with the rabies and rabies-like 
viruses, in some cases, possessed a low level of neutralizing ability. 
30 
Table 2. Absorption of specific fluorescence from cross-reacting conju­
gates by Lagos bat, Mokola and rabies viruses 
Virus-infected Absorbing Conjugate 
brain smear virus CVS Mokola Lagos bat 
CVS 100* _b _ 
CVS Mokola 100 - -
Lagos bat 100 - -
CVS 100 0 -
Mokola Mokola 100 100 -
Lagos bat 100 50 -
CVS 0 100 0 
Lagos bat Mokola 100 100 0 
Lagos bat 100 100 100 
^Percent of fluorescence inhibited by prior absorption of the conju­
gate with the specific inhibiting virus. 
= not tested. 
The capacity of this preirnmunization sera to neutralize viruses, while 
weak, was reproducible and it was virus specific (Table 3). 
The results of the SN tests for the rabies and the rabies-like 
viruses were comparable in the three different indicator systems (three-
week-old mice, suckling mice and BHK-21 tissue culture), even though the 
three-week-old mice displayed some resistance to fatal infection with the 
Lagos bat virus (Tables 3, 4 and 5). In these tests there were indica­
tions of cross-neutralization within this group of viruses. While minor 
antigenic differences were noted among the DR19B, CVS and ERA viruses, 
antisera to these viruses did exhibit strong heterologous neutralizing 
Table 3. Serum neutralization test of selected rhabdoviruses in BHK-21 
13S cells 
Antiserum^ 
Virus CVS ERA DR19B Lagos bat 
CVS 4.0/-C 3.8/0 3.5/0 4.1/- 1.3/- 0.3/0 0.4/1. 1 
ERA 4.3/- 3.3/0 3.4/0 4.3/- 2.4/0 1.6/0.3 0.7/0. 9 
DR19B 4.2/- 3.3/0 3.6/0 3.5/0 2.1/- 0.6/0 0.9/1. 0 
Lagos bat 0/- 0.4/0.4 0.4/0.3 0.8/0.4 0/- 2.51/0 4.8/0 
Mo kola 0.6/0 0/0 0/0 0.3/0 0/- 2.3/0 1.8/0 
M-1056 0/- 0/- 0/- 0/- 0/- 0/- 0/-
Others^ 0/- 0/- 0/- 0/- 0/- 0/- 0/-
^One to three antisera were tested per virus, all tests were per­
formed in duplicate an average of three times. 
^Antisera prepared against VSI, VSNJ, Cocal, Chandipura, Piry, Kern 
Canyon and Flanders viruses. 
^Reciprocal of 50% neutralization end point of serum in login scale; 
twofold serum dilutions versus constant virus dilutions; immune serum/ 
preimmunization serum; 0 = <0.3, - = not tested. 
"^VSI, VSNJ, Cocal, Chandipura, Piry and Kern Canyon viruses. 
®See Table 6. 
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Mokola M-1056 Others^ 
0.3/0 1.1/0 0/- 0/- 0/- 0/-
0.6/0 0.6/0 0/- 0/- 0/- 0/-
0.6/0.4 1.0/0 0/- 0/- 0/- 0/-
0.7/0 1.4/0 0/- 0/- 0/- 0/-
4.7/0 4.1/0 0/- 0/- 0/- 0/-
0/- 0/- 4.1/0 3.6/0 2.7/0 0/-
0/- 0/- 0/0 0/0 0/0 
T 
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Table 4. Serum neutralization test of Lagos bat, Mokola and rabies 






CVS ERA DR19B 
Lagos 
bat Mokola 
CVS 25 3.3® 3.1 0.5 0 0 
ERA 7 4.5 4.2 1.7 0.6 0.4 
DR19B 3 4.2 3.6 2.5 0.4 0.6 
Lagos bat 42 0 0.3 0 3.7 0 
Mokola 6 0.4 0 0 2.1 5.2 
^Reciprocal of 50% neutralization end point of serum in log^o scale; 
twofold serum dilutions versus constant virus dilution; 0 = no survivors. 
Table 5. Serum neutralization test of Lagos bat, Mokola and rabies 






CVS ERA DR19B 
Lagos 
bat Mokola 
CVS 49 3.2® 3.3 1.1 0.3 0 
ERA 35 3.9 4.0 1.7 0.4 0.3 
DR19B 6 3.7 3.6 1.7 0.4 0.4 
Lagos bat 231 1.5 0.7 0.8 2.1 1.0 
Mokola 520 0.3 0.9 0.3 1.8 4.9 
^Reciprocal of 50% neutralization end point of serum in logjo scale; 
twofold serum dilutions versus constant virus dilution; 0 = no survivors. 
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activity. The Lagos bat and Mokola viruses cross-reacted very weakly with 
the rabies virus strains while Mokola virus was strongly neutralized by 
the Lagos bat virus antiserum. 
The VSI and the Cocal viruses and their antisera were also observed 
to cross-neutralize strongly in the gSN test. In addition, the VSI virus 
was neutralized by VSVNJ antisera and one of the three VSVNJ antisera 
neutralized the Cocal virus (Table 6). 
In the aSN tests the VSI and the Cocal viruses and their antisera 
again cross-reacted quite strongly. The VSVNJ antiserum did not neutral­
ize the Cocal virus, but one of three Cocal virus antisera neutralized 
the VSNJ virus. A low level of neutralization occurred between one VSVNJ 
antiserum and the VSI virus, one Piry virus antiserum and the VSI virus 
and one Chandipura virus antiserum and the Piry virus (Table 7). 
The Kern Canyon and the M-1056 viruses did not cross-react with any 
of the viruses used in this study. The Flanders virus antisera did not 
neutralize any viruses except in homologous tests. However^ because the 
Flanders virus did not reproducibly produce cytopathic effect in tissue 
culture, the heterologous reactions involving this virus could not accu­
rately be determined. 
Characteristics of the Isolated RNP 
RNP was isolated from cells infected with VSVI or VSVNJ. The puri­
fied RNP formed a homogeneous band at a density of 1.29 to l.SlSg/cm^ in 
isopycnic centrifugation. The isolated RNP tended to become flocculent 
after repeated isopycnic centrifugations. This flocculent material had a 
density of 1.266g/cm3. It was insoluble in a solution of 8 M urea and 
Table 6. Serum neutralization test of selected rhabdoviruses in 
BHK-21/13S cells 
Serum^ 
Virus VSI Cocal VSNJ 
VSI 5.0^ 5.3 5.2 2.1 2.2 3.9 1.2 1.1 1.1 
Cocal 3.4 4.5 3.8 5.0 4.5 5.5 1.9 0 0 
VSNJ 0 0 0 0 0 0 5.1 4.7 5.5 
Piry 0 0 0 0 0 0 0 0 0 
Chandipura 0 0 0 0 0 0 0 0 0 
M-1056 0 0 0 0 0 0 0 0 0 
Kern Canyon 0 0 0 0 0 0 0 0 0 
Flanders - - - - - - - - -
Others^ - 0 - - 0 - - 0 -
®Two or three antisera were tested per virus; all tests were per­
formed in duplicate an average of three times. 
"CVS, ERA, DR19B, Lagos bat and Mokola viruses antisera. 
^Reciprocal of 50% neutralization end point of serum in log^o 
scale; twofold serum dilutions versus constant virus dilution; 
0 = <1.0, - = not tested. 
^CVS, ERA, DR19B, Lagos bat and Mokola viruses. 
"See Table 3. 
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Piry Chandipura M-1056 Kern Canyon Flanders Others^ 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4.4 5.1 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 4.6 4.3 4.8 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 4.1 3.6 2.7 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 4.5 4.3 4.6 0 0 0 0 
- - - - - - - - - -
- 2.8 2.6 2.6 0 
0 0 0 0 X' 




log VSI Cocal VSNJ Piry Chandipura 
VSI 7.2 >6.2^ >6.2 >6.2 4.1 4.3 3.9 0 1.2 0 0 1.7 0 0 0 
Cocal 7.8 4.8 6.5 6.2 >6.8 >6.8 >6.8 0 0 0 0 0 0 0 0 
VSNJ 7.4 0 0 0 2.7 0 0 >6.4 >6.4 >6.4 0 0 0 0 0 
Piry 8.0 0 0 0 0 0 0 0 0 0 >7 >7 0 0 1.3 
Chandipura 6.9 0 0 0 0 0 0 0 0 0 0 0 >5. 9 >5.9 >5.9 
^Two to three antisera were tested per virus; all tests were performed in duplicate an average 
of three times. 
^Log neutralization index; tenfold dilutions of virus versus a 1:4 dilution of serum; 0 = -1.0. 
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0.01% 2-mercaptoethanol (vol/vol), but it was soluble in 0.1% SDS (wt/ 
vol). Both the homogeneous band and the flocculent material migrated in 
polyacrylamide gel electrophoresis as one band at a rate comparable to 
that of the virion N protein. 
Figures lb and 2b graphically depict the patterns of migration ob­
served when VSVI or VSVNJ RNP was electrophoresed through polyacrylamide 
gels. These samples had been banded twice in isopycnic centrifugations 
and were used in the production of the anti-RNP sera. The RNP was not 
infectious for BHK-21/13S cells and it was notimmunogenic. VSVI-RNP anti­
serum obtained at 2 months post inoculation, however, did exhibit an 
anomalous reaction with VSVI in an aSN test. 
Characteristics of the Isolated G and M Proteins 
Freshly isolated virion-derived G protein, in general, tended to 
migrate slowly in polyacrylamide gel electrophoretic tests. This altered 
rate of migration appeared to be related to the presence of an excess 
amount of PEG in the sample, since an increase in the PEG content (6% 
wt/vol) of the control virions frequently led to a decrease in the rate of 
migration of their G, M and, to a slight degree, N proteins. The freshly 
derived samples of G protein formed a diffuse band (average density, 
1.036g/cm3) after centrifugation through a sucrose density gradient (10 to 
60%, wt/vol) for 20 hours at 80,000 x g. Material from this diffuse band 
migrated slightly faster during polyacrylamide gel electrophoresis than 
did pre-centrifuged protein, but occasionally did migrate at a rate com­
parable to that of the G protein of control virion. When the material 
Figure 1. Polyacrylamide gel electrophoresis of VSVI and purified VSI virus RNP. Proteins were 
dissociated in SDS-urea and electrophoresed in 8% polyacrylamide gels. Drawings repre­
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Figure 2. Polyacrylamide gel electrophoresis of VSVNJ and purified VSNJ virus RNP. Proteins were 
dissociated in SDS-urea and electrophoresed in 8% polyacrylamide gels. Drawings repre­
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from the diffuse band was passed through DEAE-cellulose and then centri-
fuged through a second sucrose gradient (0-25% sucrose over a 60% sucrose 
pad, wt/vol) for 24 hours at 81,000 x g, material could be found resting 
on the 60% pad. This material usually migrated in polyacrylamide gel 
electrophoresis at a rate identical to that of the control G protein. 
Usually no contaminating bands of extraneous proteins could be de­
tected in these preparations of G protein. However, one preparation was 
observed to be contaminated with a protein which migrated at a rate simi­
lar to that of the L protein in polyacrylamide gel electrophoresis. This 
preparation was discarded. 
Figures 3b and 4b graphically depict the electrophoretic patterns of 
the VSVI- and VSVNJ-G proteins, which were used in the production of anti-
G sera. The VSVI-G antiserum reacted strongly with VSVI, weakly with the 
Cocal virus and not at all with VSVNJ in the SN test. The VSVNJ-G anti-
sera neutralized only VSVNJ. 
upon primary isolation, the VSVI-K protein was often contaminated with 
G protein. Centrifugation through a sucrose density gradient, however, 
separated these two proteins. The G protein would band in about 9% 
sucrose (wt/vol), whereas the M protein would band in about 50% sucrose 
(wt/vol). The M protein, as was indicated above, migrated slowly during 
polyacrylamide gel electrophoresis. Attempts to purify the M protein 
further did not succeed since the M protein was invariably lost in the 
purification procedures. Attempts to concentrate the M protein by pre­
cipitation with 5% (wt/vol) trichloroacetic acid or by pervaporation were 
also unsuccessful. For this reason the sucrose density gradient-purified 
M protein was used in the production of anti-M serum. 
Figure 3. Polyacrylamide gel electrophoresis of VSVI and purified VSVI-G protein. Proteins were 
dissociated in SDS-urea and electrophoresed in 8% polyacrylamide gels. Drawings repre­
sent the optical density of the naphthol blue black-stained gels. a. complete virus, 
b. G protein. 















Figure 4. Polyacrylamide gel electrophoresis of VSVNJ and purified VSVNJ-G protein. Proteins were 
dissociated in SDS-urea and electrophoresed in 8% polyacrylamide gels. Drawings repre­
sent the optical density of the naphthol blue black-stained gels. a. complete virus, 
b. G protein. 
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The isolated VSVI-M protein did not precipitate with any of the 
homologous antivirion sera. The VSVI-M protein antiserum did, however, 
precipitate with VSVI, but the reaction was very weak and could not be 
stained. In an attempt to strengthen this reaction all of the isolated 
VSVI-M protein (approximately 1 mg) was used for the purpose of hyper-
immunization of a rabbit, but the reactivity of the VSVI-M antiserum did 
not improve. Because the VSVNJ-M protein could not be obtained in the 
quantities of the VSVI-M protein, attempts to inoculate a rabbit with the 
VSVNJ-M protein were discontinued. 
The patterns of migration in polyacrylamide gel electrophoresis of 
the VSVI proteins immediately before and after PEG-DEX extractions are 
graphically depicted in Figures 5a and 5b. Figure 6b depicts the migra­
tion pattern of the protein present in the PEG-G phase prior to DEAE-
cellulose chromatography and sucrose density gradient centrifugation. 
Figure 7b represents the migration pattern of this protein after sucrose 
density gradient centrifugation and Figure 3b represents its pattern of 
migration after DEAE-cellulose chromatography and sucrose density gradi­
ent centrifugation. The patterns of migration of the proteins in the 
PEG-M phase are depicted in Figure 8b. Figure 9b illustrates the migra­
tion pattern in polyacryalmide gel electrophoresis of the VSVI-M protein 
after it had been purified by centrifugation through a sucrose density 
gradient. 
Comparable patterns of fractionation were seen with the VSNJ virions, 
except that the VSVNJ-M protein was recovered in only trace amounts. At­
tempts to increase the amount of VSVNJ-M protein recovered from the DEX 
phase by altering the molarity of this phase were not successful. 
Figure 5. Polyacrylamide gel electrophoresis of VSVI samples taken immediately prior to and after 
PEG-DEX extraction. Preparations of VSVI were dissociated with Triton NlOl and extracted 
with PEG-DEX. Proteins were dissociated in SDS-urea and electrophoresed in 8% poly­
acrylamide gels. Drawings represent the optical density of the naphthol blue black-stained 
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Figure 6. PolyacrylaiTiide gel electrophoresis of VSVI and VSVI-G protein. Proteins were dissociated 
in SDS-urea and electrophoresed in 8% polyacrylamide gels. Drawings represent the optical 
density of the naphthol blue black-stained gels. a. G protein from PEG-6 phase, b. 
complete VSVI mixed with 6% (wt/vol). 
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Figure 7. Polyacrylaniide gel electrophoresis of VSVI and VSVI-G protein. Proteins were dissociated 
in SDS-urea and electrophoresed in 8% polyacrylamide gels. Drawings represent the optical 
density of the naphthol blue black-stained gels. a. complete VSVI mixed with 6% (wt/vol) 
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Figure 8. Polyacrylamide gel electrophoresis of VSVI and the M and G proteins of VSVI. Proteins 
were dissociated in SDS-urea and electrophoresed in 8% polyacrylamide gels. Drawings 
represent the optical density of the naphtholblue black-stained gels. a. VSVI before 
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Figure 9. Polyacrylamide gel electrophoresis of VSVI and VSVI-M protein. Proteins were dissociated 
in SDS-urea and electrophores.ed in 8% polyacrylamide gels. Drawings represent the optical 
density of thenaphthol blue black-stained gels. a. complete virus mixed with 6% (wt/vol) 
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Immunoelectrophoretic Tests 
Isolated VSVI- or VSVNJ-G proteins were electrophoresed at pH 6.1, 
7.1 or 8.1. These proteins migrated slightly towards the anode and pre­
cipitated in an arc identical to that of one of the homologous virion 
proteins. 
In immunoelectrophoresis the VSVI-G orotein reacted with homologous 
VSVI-G antiserum, VSVI antisera and Cocal virus antisera as a single com­
ponent of a characteristic mobility. It did not react with antisera pre­
pared against any other subviral protein, or with antisera against VSNJ, 
Chandipura or Piry viruses. The VSVNJ-G protein reacted with the VSVNJ 
antisera and the VSVNJ-G antisera as one arc of precipitation. It did not 
react with antisera prepared against any other subviral protein or with 
antisera against VSI, Cocal, Chandipura or Piry viruses. Both the VSVI-G 
and VSVNJ-G antisera were reactive only in the homologous systems. 
The VSVI-RNP and the VSVNJ-RNP migrated towards the anode at pH 7.1 
through 8.1, and precipitated as an a'c with the same mobi1ity as that of 
one of the homologous virion proteins. The arc of precipitation, however, 
was often diffuse. 
The VSVI-RNP formed one line of precipitation with VSVI-RNP anti­
serum, VSVI antisera, VSVNJ-RNP antisera and Cocal virus antisera. It 
did not react with antisera prepared against any other subviral protein or 
vrith antisera against VSNJ, Chandipura or Piry viruses. The VSVNJ-RNP 
reacted with the VSVNJ antisera, the VSVNJ-RNP antisera and the Cocal 
virus antisera. It did not react with antisera prepared against any other 
subviral protein or with antisera against VSI, Chandipura or Piry viruses. 
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Antiserum prepared against VSVI-RNP reacted with VSVI-RNP, VSVI and 
Coca! viruses. VSVNJ-RNP antisera reacted with VSVNJ-RNP and with VSNJ, 
VSI, Cocal and Piry viruses as a component of characteristic mobility. 
These RNP antisera did not react with any other subviral protein or with 
Chandipura virus antisera. 
The results of the IE tests are depicted in Figures 10, 11, 12 and 
13. 
Immunodiffusion Tests 
Isolated VSVI-G and VSVNJ-G proteins each precipitated as a single 
line with antisera against the homologous intact virus, which was identi­
cal to one of the homologous virion proteins. 
The VSVI-G protein reacted as one line of precipitation with VSVI-G 
antiserum and VSVI antisera. It did not react with VSVI-RNP antiserum, 
three VSVNJ antisera, three VSVNJ-G antisera, three Cocal virus antisera, 
three Piry virus antisera or three Chandipura virus antisera. The VSVNJ-G 
protein reacted with the VSVNJ-G antisera and the VSVNJ antisera as one 
identical line of precipitation. It did not react with antisera to any 
other subviral protein or with antisera against VSI, Cocal, Piry or 
Chandipura viruses. Both the VSVI-G and the VSVNJ-G antisera were reac­
tive only in the homologous systems. 
VSVI-RNP and VSVNJ-RNP also were precipitated by antisera against the 
homologous virus as a single line, which was identical to one of the 
I homologous virion proteins. 
The VSVI-RNP reacted as one line of precipitation with VSVI-RNP, 
VSVI and Cocal virus antisera. It did not react with antisera prepared 
Figure 10. Immunoelectrophoresis of VSVI, VSVI-RNP and VSV-G protein 












G. Coca! virus 






Figure 11. Immunoelectrophoresis of VSVNJ, VSVNJ-RNP and VSVNJ-G 












G. Piry virus 






Figure 12. Immunoelectrophoresis of VSVNJ, VSVNJ-RNP and Coca! virus 












G. Cocal virus 







V L  Hd © 
99 
Figure 13. Immunoelectrophoresis of Chandipura and Pi ry viruses at 
pH 7.1. 
Antigen 
1. Chandipura virus 






E. Chandipura virus 
F. Piry virus 



















against any other subviral protein, or with antisera against VSNJ, 
Chandipura or Piry viruses. The VSVNJ-RNP reacted with the VSVNJ-RNP 
antiserum and with the VSVNJ antisera as one identical line of precipita­
tion. It did not react with antisera prepared against any other subviral 
protein or with antisera against VSI, Cocal, Piry or Chandipura viruses. 
Antisera prepared against VSVI-RNP reacted with VSVI-RNP, VSVI and 
Cocal virus. Similarly, VSVNJ-RNP antisera reacted with VSVNJ-RNP, VSVNJ 
and Cocal virus. The RNP antisera did not react with any other subviral 
protein. 
The results of the ID tests are depicted in Figures 14 and 15. 
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In the initial work a distinct ons-way cross-reaction was observed 
among the rabies and rabies-like viruses in the FA test. Further sero­
logic analysis using the SN test system also revealed one-way cross-
neutralization, but this was of the opposite polarity. A two-way cross-
neutralization was detected between the two rabies-like viruses. In addi­
tion, it was demonstrated throughout all of these tests that the rabies­
like viruses, Mokola and Lagos bat, were more closely related to each 
other than to the rabies virus group as a whole (Trefzger and Dierks, 
1971). This observation has since been confirmed in a report by Tignor 
et al. (1973). 
The fact that antigenic differences do exist among the strains of 
rabies virus used in this study was demonstrated throughout all of the 
serologic tests. These strain differences undoubtedly account for some of 
the variability in the heterologous cross-reactivity with the rabies-like 
viruses. 
Since our initial report (Trefzger and Dierks, 1971), it has been 
demonstrated that the major cross-reacting antigen of the rabies and 
rabies-like group of viruses is the RNP (Schneider et al., 1973). This 
would explain why the heterologous reactions in the SN tests were, in 
general, weak to nonexistent. It does not explain the nonreactivity of 
some of the samples in the FA test. However, it is possible that the 
antisera used in these tests did not contain sufficient amounts of anti­
bodies to internal components, because nondissociated virus particles were 
used to induce antibody production. 
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It had previously been reported that the M-1056 virus was not anti-
genically related to the rabies or the rabies-like viruses (Shope et al., 
1970). These observations have been expanded in this study. The M-1056 
virus did not react with antisera against VSI, VSNJ, Cocal, Piry, 
Chandipura, Kern Canyon or Flanders viruses, and none of these viruses 
were neutralized by antisera against M-1056 virus. The M-1056 virus, 
therefore, must be placed in the category of the ungrouped rhabdoviruses 
along with the Kern Canyon virus studied here. 
The results from all of the serologic tests lend further support to 
the fact that the surface antigens of the VSI and Cocal viruses are 
closely related to each other. The reactions of the VSNJ virus in the a 
and BSN tests also tend to support the contention that the surface anti­
gens of this virus are related, albeit distantly, to those of the VSI and 
Cocal viruses. However, the results obtained from repeated IE and ID 
tests, in which isolated G proteins and monospecific antisera produced in 
response to them were utilized as reagents, did not support this latter 
conclusion. There were two low level cross-neutralizations in the sensi­
tive aSN test, one between VSVI and Piry virus antiserum and one between 
Piry virus and Chandipura virus antiserum. These crosses were not con­
firmed by reciprocal cross-neutralizations in the aSN test, nor by any 
neutralizing activity in the BSN test, nor by reactivity in the ID or IE 
tests. 
The theoretical differences in the sensitivity of the precipitation 
test and the SN test in the tissue culture system, together with the fact 
that the classes of antibodies active in the precipitation test are rather 
restricted, may account for part of the discrepancy among the heterologous 
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SN, IE and ID tests involving VSVNJ. These suppositions are supported by 
the observation that, even though the VSVI antisera and the VSVI-G anti­
serum neutralized the Cocal virus, none of these sera reacted with the 
Cocal virus in the IE or the ID tests. 
Another explanation for the inability of the heterologous IE and ID 
results to confirm the heterologous SN reactions involving the VSNJ virus 
is that these low level SN cross-reactions were due to the presence of 
nonspecific inhibitors in the immune sera. 
It is interesting to note that not all of the antisera were equally 
reactive in the heterologous SN tests involving the VSNJ virus. Differ­
ences in the sensitivity for the detection of the antigenic similarities 
among the surface antigens of the VSI, VSNJ and Cocal viruses can be 
shown both by using different antisera and by using the various test pro­
cedures. These facts,in addition to the observation that strain differ­
ences do occur among VSVNJ isolates (Federer et al., 1967), undoubtedly 
account for most; if not all; of the confusion in the literature over the 
exact taxonomic position of the VSNJ virion in relation to the VSI and 
Cocal virions. A positive approach to the assessment of the range of 
cross-reactions among the surface antigens of the VSI, VSNJ and Cocal 
viruses would consist of carrying out serologic analyses on purified G 
proteins obtained from a great number of isolates belonging to these three 
serotypes. The results obtained from these tests should then be compared 
to results obtained when whole virus is used as antigen, since a surface 
antigen other than the G protein may be the agent active in some of the 
heterologous cross-reactions, which have been reported both here and in 
the literature (see Literature Review). 
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In the SN tests, antisera to both complete VSVI and VSVI-G protein 
reacted with equal potency in the homologous system. In the heterologous 
system, however, VSVI-G antiserum reacted much more weakly with Cocal 
virus than did antisera against complete VSVI. This may indicate that 
substances other than the 6 protein could indeed be involved in the heter­
ologous SN reaction. On the other hand, it is possible that the antisera 
against whole VSI virus contained antibodies directed against more anti­
genic sites conm)n to both VSVI and Cocal virus than did antiserum pro­
duced against VSVI-G protein alone. 
Purified noninfectious N-RNA complexes were isolated from cells in­
fected with either the VSI or VSNJ viruses. These RNPs were not shown to 
be related to each other in repeated ID tests. 
The VSVI-RNP was reactive with the Cocal virus antisera in both the 
ID and the IE tests and with the VSVNJ-RNP antisera in the IE test. How­
ever, in the heterologous tests, monospecific VSVI-RNP antiserum pre-
/"•in-î+a-t-exi nnlv wi+n fho Cnral vi riK 
The VSVNJ-RNP antisera were reactive with the VSVNJ-RNP and Cocal 
virus in the ID test. However, in the IE test the VSVNJ-RNP antisera 
reacted with VSVNJ-RNP, Cocal virus, Piry virus and VSVI as one arc of 
characteristic mobility. The greater sensitivity of the IE test may have 
been due to the fact that the ratio of antiserum to antigen was higher in 
this test than in the ID test. This supposition is supported by the fact 
that the sensitivity of the ID test could be increased by repeated appli­
cation of antisera to the appropriate wells. 
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Cartwright and Brown (1972a) were able to detect cross-reactivities 
among the infectious "RNP" cores of only the VSI, VSNJ and Coca! viruses 
in the SN and CF tests. Their inability to detect the reaction between 
the RNP of VSVNJ and Piry virus may have been due to the use of antisera 
which were not as sensitive as those used in this study. However, the 
differences in results may also be due to the fact that, since they were 
working with a complex antigen, Cartwright and Brown may have been assay­
ing the reaction of another antigen which may be common to the VSI, VSNJ 
and Cocal viruses. 
It can be concluded that the RNP is not the group antigen among the 
VSNJ, VSI, Cocal and Piry viruses, because the reactive antigenic com­




Serologic analyses were performed using 11 rhabdovirus isolates: 
namely, vesicular stomatitis serotype Indiana (VSI), vesicular stomatitis 
serotype New Jersey (VSNJ), Cocal, Piry, Chandipura, Flanders, Kern 
Canyon, M-1055, rabies strain CVS, ERA and DR19B, Mokola and Lagos bat 
viruses. The G and RNP proteins of VSI and VSNJ viruses were isolated in 
pure form and used in the production of antisera. These monospecific 
antisera were in turn used in a more definitive serologic analysis of the 
VSNJ, VSI, Cocal, Piry and Chandipura viruses. 
The rabies, Mokola and Lagos bat viruses were shown to be anti-
genically related in the fluorescent antibody and the serum neutralization 
(SN) tests. Of these viruses, the Lagos bat and Mokola viruses were 
shown to be more closely related to each other than to the rabies virus. 
No heterologous cross-reactions were detected between any virus and 
the M-1056, Kern Canyon or Flanders viruses in the SN test. 
The VSI and Cocal viruses were shown to be antigenically related 
using the SN, IE and ID tests. The VSNJ virus was shown to be weakly re­
lated to these two viruses by a one-way cross-reaction in the SN test, but 
these observations could not be confirmed by either the reciprocal cross-
reactions in the SN tests or by cross-reactivity of the VSI virus-G pro­
tein and the VSNJ virus-G protein in the ID or IE tests. 
The RNP of VSVNJ was shown to be antigenically related to that of the 
VSI, Cocal and Piry viruses in the IE test whereas the RNP of VSVI was 
shown to be antigenically related to only that of the VSNJ and Cocal 
viruses. 
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A one-way cross-reaction was observed between the Chandipura and Piry 
viruses in the aSN test. However, this cross-reaction could not be con­
firmed in the gSN test or by a two-way cross-reaction in the aSN test. 
The taxonomic position of the Chandipura virus in relation to the VSI, 
VSNJ, Coca! and Piry viruses could not be determined in any of the test 
procedures. 
Neither the G nor the RNP protein appears to be a group antigen for 
these five viruses since the reactions in which they were involved were in 
some cases unidirectional. 
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